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April 13, 1988

the proPosed MeI-Co waste dumps were analyzed'

included the hraste durnp layout shown on Mine &

drawing No. 2-OO-2O} (Figure 1), and soil

on reconnaissance rnapping and the SHB report'

analyzed are believed to be the approxinate

(with respect to stability) for these rock
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SU&fECT:

G. Boyce
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This letter summarizes stability analyses conducted for the

proposed Mel-Co mine waste dumps, part of the Barneys canyon

Project in salt Lake county, utah. This work was perfonned as an

addendum to the rrGeotechnical Investigation Report, Waste Rock

Dumps, Barneys canyon Project, salt Lake county, utahrr, subnitted

by sergent, Hauskins & Beckwith (sHB) dated January 2L, 1988'

The purpose of the current study is to analyze the stability of

rock waste dumps for the proposed Mel-Co pit'

Two sections of

Input parameters

Mill Engineering

properties based

The two sections

critical sections

waste dunps.

WASTE DI'}TP CONSTRUqrION

The proposed waste dunps wiIl be constructed by typical end

dunping placement techniques using trucks. Haulage levels wiII

vary from elevation 71OO to 73OO feet. This will create rock
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naste durnps with vertical heights (ueasured vertically below the

crest) of approxinately 27O to 310 feet. The maximum elevation

difference from crest to toe for the overall terraced dunp will

be on the order of 500 feet.

The proposed MeI-Co dunp configuration is shown on Figure 1. The

waste dumps will fiII the uPPer portion of two drainages to the

southeast of the Mel-Co pit. Stream water will be rerouted to

avoid durnp saturation. No specialized pretreatnent of the dump

foundation soils is assumed due to the steep existing topography

which provides difficult working conditions for construction

equipnent.

FOI'NDATION SOILS

The foundation soils below the proposed MeI-Co dunps were

examined by logging and sanpling existing roadcuts between

elevation 7150 to 72OO feet on April 11, 1988. Several

foundation soil sarnples were obtained by shallow excavation into

the roadcut slopes for laboratory testing.

fn general, the soils obsenred in the roadcuts consist of six

inches to approxirnately two feet of organic clayey gravel,

underlain by up to eight feet of clayey gravel to gravelly clay,

with isolated areas of scree (angular rock), underlain by

fractured quartzite bedrock. Ttre thickness of these units was

variable. Generally, the greatest thicknesses of the soil

T
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Daterials were obsented vlthin
the ridges. Sketches of three

follow:

the drainages and dininished along

tlpical foundation soil road cuts
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The upperrnost organic soils consist of clayey gravels containing

numerous fine to nediun size roots. The gravel to cobble size

constituents are subangular to angfular. These soils are in a

moist to very noist condition and low to medium plasticity'

color is very dark brown to black. Thickness ranges from less

than six inches uP to two feet.

The najority of the soil exPosures were cornposed of a clayey

gravel to gravelly clay. These soils also contain angular to

subangular cobble size constituents. Gradation analyses and

Atterberg lirnit tests on rePresentative samples are attached'

The clay rnatrix is noist to very moist and low to nediun

plasticity. Density appears to be medium dense, based on

obserrrations of a cat D-g dozer performance. some wet layers

were observed, indicating surface runoff had infiltrated into the

gravelly clays. Thickness of the clayey gravels varied from nil

up to approxinately eight to ten feet. This gravel appeared to

have formed as a residual soil from weathering of the underlying

guartzite bedrock.

An isolated area of scree was intercepted along one roadcut' The

scree consisted of angular quartzite in gravel to boulder size

fragments. The soil interstices consisted of silt, sand and a

trace of clay. Maximun thickness of the scree was approxinately

8 L/2 feet.
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Weathered bedrock naterials were obsetrred along a rnajority of the

roadcut. The bedrock included fractured quartzite with

occasional siltstone layers. The bedding fractures were steeply

dipping into the slope. Bedrock required ripping using a

caterpillar D-9 dozer equipped with a three-tooth hydraulic

ripper. The resulting materials consisted of angular clayey

gravel.

STABTLITY N{ALYSES

The stability of the two critical durnp cross sections was

analyzed using the identical cornputer program as employed by SHB:

STABL2. Input strength parameters for the rock waste and

foundation soils nere obtained from the SHB report because of the

general sirnilarity between the Barneys and Mel-Co materials. The

calculations included static stability analyses usi-ng the

cornputer routines for circular failure surfaces, non-ci-rcular

surfaces, and block sliding. Fol.Iowing the static analyses, a

pseudo-static approach was enployed to calculate factors of

safety for earthguake generated horizontal accelerations ranging

from 0.05 to 0.409.

Input Paranete,rs

The shear strength parameters used for the waste rock ttere

identical to the SHB report values (9 = 37 degrees and

Cohesion = O) . Due to the lirnited foundation soil inforrration,

conservative soil foundation shear strengths, were ernployed; the

SHBaverageinputpararneters(9=29degreesandCohesion=1500
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psf) and lowest values (9 = 24 degrees and cohesion = 900 psf)

were selected (see Figure 1' SHB report). Based on our

obserrrations along existing road cuts below the dunps, the

foundation soil was nodeled conservatively as a uniform layer

approxinately twenty feet thick. The actual thickness is

antic-ipated to vary from near zero along the ridges up to twenty

feet within the drainages, including the upperrrost organic

layers.

The shear strength of the quartzite bedrock was conselr/atively

estirnated to be 9=45 degrees and cohesion = 5000 pfs. These

shear strength pararneters create a Lower bound for the critical

failure surface, forcing the searching routine of STABL2 to

analyze failure surfaces passing through the foundation soils

and/or waste rock.

Static Analyses

Results of the static analyses are shown on Figures 2 and 3' The

analyses indicate that the critical failure surface for Section E

is located near the crest of the waste durnp and passes through

the foundation soils near the toe of the durnp. The calculated

static factor of safety is L.26. Comparison between the circular

and noncircular failure surfaces generated by STABL2 indicate

that the critical surface is of a circular shape. The critical

surface for Section D was found to be a circle within the rock

waste materials. The calculated static factor of safety was on

the order of 1.3. Computer printouts of the critical failure

surface stability analyses are included in Attachnent A.
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Foundation strength sensitivity analyses were conducted by

reducing the foundation soil. shear strength input parameters

until a factor of safety equal to unity was calculated' Results

for Section E were as follows:

Foundation Soil InPut Paraueters

Angle of

Internal Friction

Case 1

Case 2

Case 3

6 (Phil

29

24

19

Cohesion, Psf

1500

900

1500

F. S.

L.42

L.26

1.03

Based on the field investigation and soil shear strength testing

for similar soil materials, Case 2 soil strength input pararneters

are believed to be consentative for the Mel-Co dunp.

Pseudo-Static AnalYses

The seisnic stability of the waste dunps was investigated

ernploying the pseudo-statlc approach. The nethodologY, input

paraneters and computer program all follow those previously

described in the sHB report. Horizontal seisnic accelerations

ranging from 0.059 to o.4o I were enployed. A plot of Factor of

Safety versus horizontal acceleration is shown on FigUre 4 and a

summary is provided in Table I. The results closely Parallel

those obtained by SHB for the Barneys Canyon durnps and indicate
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that sirnilar defor:mation should result from the anticipated

horizontal accelerations deseribed in the SHB report.

Supporting couputer calculations for two of the pseudo-static

analyses are being retained in our files.

CONCLUS IONS AIID RECIII}IEIIDATIONS

The analyses perforned for this study ttere based on a

reconnaissance of roadcuts in the area of the waste dumps and

representative strength parameters developed by SHB. Results

indicate that the durnps should be stable, employing what are

believed to be conservative foundation soil shear strength

parameters.

w
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Bayer, iIBR, ConsultantE (3 coPies)
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JOERGEN PILZ
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SECTION D
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SECTION E

MEL-CO ROCK DUMP FACILITY
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fOS vs t-lorizonloI Accelercrtion
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TABLE I - F. S. VS ACCELERATTON

Section D Section E

Accel, g
=======

0. 00

0.05

0. 10

0.20

0.30

0. 40

1.30

1.19

1.09

0.93

o.79

0. 59

L.42

1. 16

1.06

0.90

0.78

o .67
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TABLE II . GRADATIO}I AMLYSES

Sample No.

Descri pti on

Cl ass i fi cat i on

Sieve Size

3"

2"

Il"
lu

3/4',

r/2'

3/8',

No. 4

10

l6

40

100

200

I

Clayey Gravel

GC

2

Clayey Sand

/Gravel

sc

3

Clayey Sand
y'Gravel

sc

Percent Pass'ino

100

85

77

7?

57

5l

46

42

4l

4l

40

37

100

97

92

72

43

34

28

27

25

100

94

86

86

79

73

70

55

45

4l

38

35

33



ATTACTIIENT A

COI.IPUTER PRII{TOUT OF CRITICAL CASES
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--SLOPE STASILIIY A}IALYSIS-.

SII.IPIIFIEO JANSU IIEIHOO t)F SLICES

IRREGULAR FAILURE SURFACES

RUlt 0AIE : 0Ull/ 88 IIiIE : l5:20: 39

PROELEI' OESCRIPTION

EOUNOARY COOROII{ATES

II IOP SOUI{DARIES

I8 IOTAL EOUNOARIES

ilELCo 0UilP-SECII0N I ((/lll88)
l'^ 

'l1)

.)* 6

Y-RIGHT SOIL TYPE

(FI) 3ELotf 8N0

260.00 2

230.00 2

230.00 ?

660,00 I

660.00 I

680.00 I

680.00 1

?30.00 1

730.00 1

780.00 I

780.00 1

800.00 1

830.00 1

830 .00 I

260.00 2

e30.00 2

2 10.00 3

810 .00 3

EOUNOARY

N0.

1

I

4

5

7

8

9

10

1l
l,

IJ

l4

15

l6
1?tr

t8

x-LH- |

(FI)

.00

240.00

380.00

{50.00
1 000 .00

I 050 .00

1070,00

1 380.00

1 150 .00

t,t90 .00

1 550.00

1810 .00

1840.00

2000 .00

450.00

500.00

.00

{50 .00

Y-LEFT X-RIGHT

(FT) (FI)

2 1 0.00 210.00

?60.00 380,00

230.00 450.00

230 .00 I 000 .00

660.00 I 050.00

660 .00 l 0?0.00

680.00 1 380.00

bao .00 I {50 .00

730. C0 1 190.00

?30 .00 1 550.00

?80.00 1810.00

?80.00 I 840.00

800 .00 2000.00

830.00 2130,00

230 . 00 600.00

261.00 2llc.00
1 90 .00 450. 00

2 r 0 .00 2330 ,00
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ISOIROPIC SOiL PARAI,IETERS

3 rYPE(S) 0F Sott

IOTAL SAIURATEO

UNIT ItT. U}ttT itl.
(PcF) (PcF)

1 30.0 r 30.0

125.0 125.0

1 65.0 I 65.0

COHES ION

INIERCEPT

(PsF)

.0

900.0

5000.0

FRICT ION

AilGLE

(oEG)

3?.0

2{ .0
{5.0

PORE PRESSURE

PRESSURE CONSIANT

PARAIIETER (PSF)

.00 .0

.00 .0

.00 .0

P I Et0l,lEIRIC

SURFAC€

N0.
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A CRITICAL FAITURE SURFACE SEARCHING iIEIHOO, USING A RANDOI{

IECHITIQUE FOR t]ENERAIII{G CIRCULAR SURFA()ES, HAs SEEN SPECIFIEO.

lOO TRIAL SURFACES HAVE SEEI{ GENERATEO.

IO SURFACES INIIIAIE FRO]I EACH OF 10 POINIS EQUALLY SPACEO

ALONG THE GROUNO SURFACE EETI{EEN X = 200.00 FT.

AilI) x=600.00FT.

EACH SURFACE TERilIiIATES SETI{EEI{ X =1000.00 FT.

N0 X =2000.00 FT.

UNLESS FURTHER LIIIITATIoNS IfERE Il,lPoSE0, THE filillruI ELEVATI0|l

AI I{HICH A SURFACE EXTENOS IS Y = 5O.OO FT.

5O.OO FI. LINE SEGIIENTS OEFINE EACH TRIAL FAILURE SURFACE.

RESIRICIIOIIS HAVE 8€EN II.IPOSEO UPON IHE ANGLE OF INITIATION'

THE ANGLE HAS EEEI{ RESIRICTED EETI{EEN THE ANGLES OF -45,0 ANO 5,0 OEG.
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F0LL0t{tflG ARE OISPLAYE0 THE IEt{ l,l0SI CRIITCAL 0F THE IRIAL

FAILURE SURFACES EXAIIII{ED. THEY ARE OROEREO - IiOST CRITICAL

F IRSI.

SAFETY FACTORS ARE CALCULATEO 8Y THE iIOOIFIEO EISHOP I'IETHOO.

FAILURE SURFACE SPECIFIEO 8Y 15 COOROINATE POII{TS

POII{I

r{0.

I

2

3

t
5

6

7

8

I
10

1l
12

l3
l{
t5

X.SURF Y.SURF

(FT) (FT)

555.50 312.53

605.53 3rf.22
655. I r 320.63

703.87 331.?0

?5 r .3? 3f?,33
?9?.r? 36?.38

8{0.8? 391.68

882.08 {19.99

920. {3 152.08

955.5? f8? .65

98?. I I 526.38

r0l5.0r 56?.92

1038.?8 611.91

I 058 .28 65? .95

1 063.01 6?3 .01

L301 r|r

X-SURF Y.SURF

(FT) (FT)

555.56 312.53

605.18 3r5.30
655.1r 321.35

10t.2t 330.65
?52 ,65 3t3. I 6

800.r3 358.82

8{6.f8 3??.58

89 1 .50 399.3f

93f.99 {2t.01
9?6 . ?6 {5 r .19

10r0.63 181.65

1 05t . fr 51r.38

1090.01 519.51

1123.20 586.91

r r53.85 626.11

1181.8t 66?.81

1r88.9t 680.00

l.f2? rrr

FAILURE SURFACE SPECIFIEO 8Y I7 COOROIIIATE POIITTS

PO I}IT

r{0.

I

2

3

I
5

6

1

I
I

r0

1l

12

r3

1f

r5

t6
t?
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FAILURE SURFACE SPECIFiEO 8Y:4 (]COROINA;E 20INiS

POINI

N0.

I

2

I
5

6

7

I
9

r0

ll
t2
l3
l{
15

16

l?
l8
t9
1n

21

22

2t

X-sURF Y.SURF

(FT) (FT)

- 600.00 341.21

650 .00 3{? . 1 5

699.9? 3{8.8?
719.81 352. {{
?99.55 35? .81

819.03 365.07

898.20 3?1. 1 2

9r?.01 381.9?

995.38 39? .62

r0t3.25 1r2.05
r 090.56 128.23

113?.2{ 0{6.11
r r83.23 165.??

1?28.t7 {8?,0?
r 2?2 .88 5 1 0.03

1316.12 534.61

r 359 .02 560. ?9

1 400 .63 588 .5 1

14{r.19 617.?5
1180.64 648.4?

r 5 1 8.9f 680 .62

r556.02 ?11.16

I 59 1 .8f ?{9.05
1 62 r .36 ?80.00

2.121 t*t

FAli-URE SURFACE SPECIFIED BY 20 C00R0INATE POINTS

POINI

N0.

X-SURF

(FT)

333.33

38 r .60

{30.8?
180.72

530. ?2

580 . {3
629 . r3
6??.31
?23.65

?68.0r

810.12

8f9.52
885.89

918.9{
9{8.36
9?3.92
995.39

10 | 2.59
r 025.3?

1028.68

Y.SURF

(FT)

2{0.00
226.96

2r8.{5
211 . 5f
2r5.26
220.60

230.52

2ff .9t
263. ?3

286. ?3

313. ?1

3{0.53
3?8.83

116.36

456. ?8

499. ?5

5tf.9 1

59r.86
010.20

660.00

2,84

I

a

3

1

5

6
n
I

I
J

10

tl

l2
l3
l1
r5

ID

l?
18

t9

20
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FAILURE SURFACE SPECIFIEO 8Y 22 COOROINATE POINTS

POINT

N0.

X.SURF Y.SURF

(FT) (FT)

333.33 2{0 .00

38r.66 227.15

{30.8f 218.15

480.5? 213.03

530.56 211.83

580.18 21t.51

630.0f 221 .?2

6?8.92 231.?C

?26 .82 2{6 .0?

??3.t5 261.11

8r8.52 285.??

861.?5 310.90

902.87 339.3f

90 1 .63 370.93

9??. ?8 ,105.46

r0l1 . 12 u2.13
1041.42 482.51

1 068.50 s2C .5f
1 092.20 568 ,56

11r2.36 611.32

1 r 28.8? 661 .51

1 1 33. ?5 680.00

2,232 rr|

X-SURF Y.sURF

(FT) (FT)

2|t.fr 259.05

290.6? 239.98

338.38 225.0{

381.22 2l{.31
136.82 20? .9?

186. ?8 205.98

536. ?2 208.3?

586.26 215.11

635.01 226.23

682.61 2{ 1 .55

?28.68 260.98

??2 .86 280 .39

810,82 3'11.5?

851 . 21 3{2.3{
890.80 3?6. {l
921.23 413.62

95{ .2? f53.59
980.69 196.01

r003.29 5{0.65

1021.88 58?.06

r 036.33 63{ .93

1 0f 1 .55 660.00

FAILURE SURFACE SPECIFIEO 8Y 22 COOROINAIE POINTS

POTNI

N0.

I

2

1

I
5

6

1

I
I

r0
!ltl

12

13

1l

r5

t0

t?

l8
l9
20

2l
22

2,^31
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FAILURE SURFACE SPECIFIEO 8Y 22 COOROINATE POINIS

POIt{T

N0.

X.SURF

(FT)

Y.SURF

(FT )

333.33 2{0 .00

380.71 221.03

{29.2? 212.10

{78.66 20f .3 I

528 .53 200 . ?0

578.53 201.31

628.29 206. 1 2

6??.{8 2l5.ll
?25. ?3 228.20

112.72 215.32

I 1 8.09 266.32

86r .53 291.08

902.?3 319.10

9{r.4r 351.09

911.21 385.93

1010.08 123.66

r039.59 {60.02

1 065 .60 506. ?2

r08?.92 551 .{?
1 1 06 .10 597 .93

il20.90 6f 5.,l8
1 1 28. 19 680.00

2.399 |rt

FAILURE SURFACE SPECIFIEO 8Y 24 COOROINAIE POINTS

PO II{T

N0.

I

a

3

I

6

7

I
I

10

11

12

l3
11

l5
l6
11

18

l9
20

?1

22

23

2r

X-SURF

(FT)

288.89
335. f?
383.32

{32. ll
r8 r .6t
53r.51
58 1 .51

63r.33
680.6{
?29. 1 5

??6.60

822.69

86?.15

909. ?2

950. r5

988.20
1 023.6r
1056.26

1 085 .8?

I r r 2.29
r 1 35.38

115t.98
lt?0.98
r1?5.?8

Y.SURT

(FT)

2{9 .52

23 r .36

2r6.8f
206 .03

I 99 .02

r 95.83

r96.f9
200.99

209.3 1

221.10

23?.18

2s6.56

2?9 . {3
305.66

335.0?

36?.52
e02. ?9

010.68

{80.9?
523.t2
56?. ??

613. ??

661 .la
680.00

f clgL
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--SLOPE STABILITY ANALYSIS-.

5ll,tPLIFIE0 JA}{SU ltETH0O 0F SLICES

IRREGULAR FAILURE SURFACES

RUN OAIE : 0{/11/ 88 I[f{E : 15:l?: 3l

PR0BtEl'l DESCRIPTI0N l,lELC0 SECTI0t{ A ({/11/88)
ll 

- 
l'

E

SOUI{OARY COORO I i{AIES

6 TOP SCIIIOARIES

IO IOTAL SOJITDARIES

C*rZ

Y.RIGHT SOIL TYPE

(Fr) EELoll 8No

320.00 2

330.00 2

800.00 I

800 .00 I

610.00 1

600.00 2

590.00 2

?10.00 2

300.00 3

600.00 3

8OU1{DARY

ilo.
X-LEFT

(FI)

.00

330 .00

5?0.00
r 200 .00

r 680 .00

r 900 .00

5?0.00

r 600 .00

.00

5?0.00

Y-LEFT X-RIGHT

(FI) (FI)

500.00 330.00

320.00 5?0.00

330.00 1 ?00.00

800.00 I 080 .00

800.00 1 900.00

6{0 .00 2200 .00

330.00 1 600.00

590.00 1 700 .00

290.00 5?0.00

300 .00 I 900 .00



SOIL

IYPE

n0.

I

2
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ISOTROPIC SOIL PARAI{ETERS

3 IYPE(S) 0F SolL

IOTAL SAIURATEO

UNIT I{T. UI{IT IIT.

(PcF) (PcF)

130.0 130.0

125.0 125.0

160.0 160.0

FR I CT IOI{ PORE

ANGLE PRESSIJRE

(OEG) PARAIIETER

3?.0 .00

2t.0 .00

{5.0 .00

COHESION

II{IERCEPT

(psF)

.0

900.0

s000 .0

PRESSURE

CO}ISTAIII

(PSr)

P I EZ0I'IETRIC

SURFACE

1{0.

.0

.0

.0

I
I

I
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A CRITICAL FAILURE SURFACE SEARCHING }IETHOO, USING A RAi.IOOII

IECHNTQUE FoR 0ET{ERAIING CIRCULAR SURFACES, HAs EEElt SPECIFIE0.

50 TRIAL SURFACES HAVE BEEN ()EI{ERATEO.

5 SURFACES IIilTIATE FRolt EACH 0F l0 PoINIS EQUALLY SPAC€0

AL0NG IHE GROUNO SURFACE BETI{EE|{ X = 200.00 FT.

At{t) X=?00.00FT.

EACH SURFACE IERfIINATES EETl{EEil X =1200.00 FT.

All0 x =1600.00 FT.

UNLESS FURTHER LII(ITATIONS I{ERE II'POSEO, THE IIINIiIUII ELEVATION

AI lttll0H A SURFACE EXTEilOS IS Y = 50.00 FT.

5O.OO FT. LII{E SEGI,TENTS OEFIIIE EACH TRIAT FAILURE SURFACE.

RESIRICTIONS HAVE EEEN Il'lP0SEO UP0tl IHE ANtjLE 0F INIIiAIION'
THE AIIGLE HAS SEEI{ RESTRICTEO EETIIEEN THE AIIGLES OF -45.0 AND 5.0 OEG.
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16
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FOTLOI{II{G AR€ OISPLAYEO IHE IEN I{OST CRITICAL OF IHE TRIAL

FAILURE SURFACES EXA}III{EO. IHEY ARE OROERED - iIOST CRITICAL

FIRSI.

SAFETY FACTORS ARE CALCULATEO 8Y THE IIOI)IFIEO EISHOP iIETHOO.

FAILURE SURFACE SPECIFIEO 8Y I8 COORI)IIIAIE POINIS

POII{T

N0.

I

2

3

I
5

6

1

I
10

1l
t)

t{
15

16

1?

l8

X.SURF Y-SURF

(FT) (FT)

6|l.{r 385.51

693.11 3?5. l0
?13.15 3?0.31

?93. r5 3?0.33

8r2 .88 3?5 . 16

891.81 385.63

939 . {9 100. ?6

985.36 420.6?

r028.95 415.15

r069.82 {?3.9?
1 1 0? .53 506.80

1r1r .68 5{3.31
1 1?r.9{ 583. 12

119?.9? 625.81

12r9.50 6?0.90

r236,3r ?18.03

1 2{8.23 ?66.58

I 252 .89 800 . 00

,l .26{ *tr

FAILURE SURFACE SPECIFIEO 8Y I9 COORI)INAIE POINTS

POINT

N0.

X-SURF

(FI)

6||.rf
69t.rl
Iu.12
?9r .0l
8t3 .5?

892.35

9r0.06
986.36

r 030.91

10?3.50

11t3.?a
115r.38
r186.r?
l2l?.8?
1 2{6.26
12?1. t5

1 292.36

r309.?l
131 0 .90

Y.SURF

(FI)

385.5f
380.03

3?8.66

38r.r3
388.32
399.29

{11.26
t33.13
155. ?6

t82 .0 1

5r1.69
5||.60
580.51
6r9.r8
660.33
?03. ?0

?r8. 98

?95.86

800.00

1,2 7Ll
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FAILURE SURFACE SPECIFIEO 8Y 20 COOROINATE POINTS

FAILURE SURFACE SPECIFIEO 8Y 22 COOROINATE POII{TS

POII{T

N0.

I

2

3

I
5

6

1

I
9

t0
ll
t2
l3
1{
It
l6
1?

18

l9
20

f*l

PO INT

N0.

I
I

,
J

I
5

6

7

I
9

10

ll
12

l3
1f

l5
l6
l?
l8
t9

20

2l
22

rtl

X.SURF Y.SURF

(FT) (FT)

0r{ . 0f 385 .51

69r .32 382.05

?rf.32 38r .98

?9f.2t 385.32

8f3. ?5 392.0?

892.12 t02.19
9{0.88 { r 5.63
988.00 {32.31
1033.88 452.22

1 0?8.29 f?5.20
ilzr.02 501 .16

il61.8E 529.97

r200.68 56t.52
1237.22 595.61

12?r.35 032.18

1 302 .90 6?0.97

r331.?3 ,ll L82
1 35? .69 ?51.55

r380.0? ?98.96

1381.13 800.00

L358 ffr

X-SURF Y-SURF

( FT) (FT)

17?.?8 326.16

52?.51 321.00

5??.1? 318.89

62?.{0 319.83

6??.30 323.81

?26.80 330.83

??5.?g 310.86

82r.0? 353.86

8?r .r? 369.?8

91?.81 388.56

962.91 110.13

r006.62 {3l.ll
10t8.?6 161.32

1089. t9 {90.?5

il2?.?t 522.58

116r.28 556.?1

il98.6? 593.01

1230.78 631.3f
r 260. {9 6? I .55

128?.?0 ?13.50

r3r2.29 ?5?.01

1333.2r 800.00

l.fg0 rrt



FAILURE SURFACE SPECIFIEO 8Y 18 COOROINATE POINTS

I

2

3

I
5

6

1

8

I
10

ll
12

t3
ll
r5

16

1?

18

I
I
I
I
I
I
l
I
I
I
I
I
I
I
I
I
I
I
I

POINT

N0.

X-SURF

(FT)

Y-SURF

(FT )

?00 .00 126 .98

?{8.?0 115.65

?98.2r {08 .90

8r8.20 106. ??

898. 13 f09.30

9r?.62 116.16

996.22 t28.18
r0{3.53 f4|.3?
1089. r3 {61.89
1r32.62 189.55

lr?3.63 518.15

r21 r .81 550.{f
r 216.82 586. I 3

12?8.3? 621.92

r306.r? 666.18

1329.99 ?10.{l
r 3{9.62 ?56. {3

r 363.60 800.00

1.526 rrr

FAILURE SURFACE SPECIFIED 8Y l? c00R0lf{ATE P0lt{TS

P0 tilT
N0.

I

c

3

I

6

7

I
I

10

ll
12

l3
lf
l5
r6

t?

X.SURF Y-SURF

( FT) (FT)

?00.00 f26.98
?18.2f 113.81

?9?.69 006. f2
81?.66 101.82

89? .48 109.0?

9f6.16 119.11

993.91 l3l.8l
1 039.25 155.91

r08r.?9 {82.21

il20.9? 513.28

r r56.25 518. ?l
r18?.15 588.01

r2r3.25 630.66

r23f.19 6?6.06

r 2r9.69 ?23.60

r259.53 112.63

r261.?5 800.00

1.531 ilr
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FAILURE SURFACE SPECIFIED 8Y 22 COOROINAIE POIIITS

POINT

N0.

I

2

3

I
5

6

7

8

9

l0
1l
12

l3
l1
15

t0

17

18

19

20
ttal

22

*fl

X.SURF Y-SURF

(FT) (FT)

588 .89 3t1 ,09

638.39 33? .06

688.25 333.31

?38.25 332.85

?88.1? 335.68

83?.?9 311.?9

886.91 351.16

935.30 363. ?f

982 . ?6 3?9. 18

r 029 .0? 398 . 32

r0?r.05 {20. l6
lil?.19 1{1.91

1 t 59.21 172. 18

il99.02 502.?3

1236.?5 535.53

1212.2t 5?0.?5

I 305.30 608.23

1335.89 6{?.81

1 363. ?? 689.32

r388.80 ?32.5?

111r.01 ???.38

r{20.(5 400.00

L956 ril

FAILURE SURFACE SPECIFIEt) 8Y 22 COOROINAIE POINTS

POII{T

N0.

I

e

3

I
5

6

1

8

I
t0
1l
t2
13

lf
15

l6
l?
l8
t9
20

21

22

X-SURF

(FT)

588.89

638 , {2

688.29

?38.29

788.21

83? .86

88? .02

935 .50

983.09

r029.61

10?r.86
1il8.66
1 1 60.82
r20l.r8
1 239.56

I 2?5.82
1309.80

r3il.36
1 3?0.3?

r396.?2

1r20.30
lr3r.89

Y-SURF

(FT)

3{f.09
33? .2?

333.63

333.19

335.95

311.90

351 .01

363 .25

3?8.5?

396.90
r18.1?
||2.29
f69.r?
{98.69
530. ?3

505.16

60r.81
610 .62

681.31

?23.83

?6?.93

800.00

l.<i7\



FAILURE SURFACE SPECIFIEO 8Y 2? COOROIIIATE POINTS

I
l
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t

P0lr{T

N0.

I

2

3

I
5

6

7

I
I

t0
1l
t2
13

lf
15

t6
17

l8
19

20

2l
22

23

2t
25

26

27

X-SURF Y-SURF

(Fr) (FT)

t22.22 323.81

0?r.?6 3l?.08
52r.56 312.5?

5?r.51 310.32

62r.51 310.31

6?r.f6 3t2.62
?2r.25 31?.16

??0. ?9 323.95

I 19.96 332.98

868.60 3$.23
I r 6.81 35?.6?

96r . 31 3?3 .28

1011.09 391.02

r056.98 {10.8?
ll0l.93 132.11

il15,8t {56.69
1 1 88 .62 {82.57
r230.r8 510.36

1 2?0.11 5{0.01
1309.32 5?l,{5
r 316.7{ 60f.62
r382.6r 639.{5

1f16.8? 675.8?

r1{9.{r ?r3.80
1180.2? ?53. r 7

r509.2? ?93.90

15r3.22 800.00

2.009 rrt

X.SURF

(FT)

533.33
582.01

63r.52
68r.f6
?31.r2
780 .96

829 .69

8??.19
923.06

966.93

r008.r2
l0t?.20
1 082 .92

1rr5.31
I r{t.09
1169.01

r 1 89.8?

1206.f9

12r8.?5

FAILURE SURFACE SPECIFIEO BY 21 COOROITIATE POINTS

POI}IT

ito.

I

2

3

I
5

6

1

8

I
t0
lt
12

l3
ll
l5
16

l7
l8
l9

Y-SURF

(FT)

328. t?
31?.03

310.09

307.69

309 .86

316 . 58

32? .80

3r3 .1 1

363.30

38?.30

{15.19
ft6. ?6

{81.?l
5r9.83
560. ?2

601.0?

6t9 .5 I

696.6?

?{5.11

2,c{ 1
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.00 2?5 ,00 550 .00 825.00 I 1 00 .00 I 3?5 .00

+---------+---------+---------+

A 550.00 +

X 825.00 +

I 1100.00 +

s 13?5.00 +

r650.00;

F r925.00;

T 2200.00;
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